The large number of olfactory receptor genes necessitates high throughput methods to analyze their expression patterns. We have therefore designed a high-density oligonucleotide array containing all known mouse olfactory receptor (OR) and V1R vomeronasal receptor genes. This custom array detected a large number of receptor genes, demonstrating specific expression in the olfactory sensory epithelium for Ϸ800 OR genes previously designated as ORs based solely on genomic sequences. The array also enabled us to monitor the spatial and temporal distribution of gene expression for the entire OR family. Interestingly, OR genes showing spatially segregated expression patterns were also segregated on the chromosomes. This correlation between genomic location and spatial expression provides unique insights about the regulation of this large family of genes.
The large number of olfactory receptor genes necessitates high throughput methods to analyze their expression patterns. We have therefore designed a high-density oligonucleotide array containing all known mouse olfactory receptor (OR) and V1R vomeronasal receptor genes. This custom array detected a large number of receptor genes, demonstrating specific expression in the olfactory sensory epithelium for Ϸ800 OR genes previously designated as ORs based solely on genomic sequences. The array also enabled us to monitor the spatial and temporal distribution of gene expression for the entire OR family. Interestingly, OR genes showing spatially segregated expression patterns were also segregated on the chromosomes. This correlation between genomic location and spatial expression provides unique insights about the regulation of this large family of genes.
A nimals use their olfactory systems to monitor the chemical environment for molecules that reveal food sources or toxic substances, signal the presence of predators, and influence social and sexual behaviors. The recognition of a vast and diverse collection of compounds is accomplished initially by a large family of olfactory receptors (ORs) residing in the nasal sensory epithelium. Additionally, most mammals also have an accessory olfactory system devoted to the detection of pheromones and related odors where there are two families of receptors known as vomeronasal receptors (the V1Rs and V2Rs, each including Ͼ100 receptors; refs. 1 and 2). Additionally, OR gene expression has been reported in nonolfactory tissues, most notably in the testis (3) (4) (5) . Generally, it is not known whether the OR genes expressed in nonolfactory tissues are also expressed in the olfactory epithelium.
From the mouse genome sequences, there are Ϸ1,100 OR genes and 170 V1R genes in the mouse genome predicted to be functional, plus Ϸ300 OR pseudogenes and Ϸ170 V1R pseudogenes (6) (7) (8) (9) (10) (11) (12) . The family of V2R genes remains poorly characterized because of their complex intron-exon structure in the coding region. OR and V1R genes are distributed in tight clusters throughout the genome where the sequences of adjacent genes are generally highly related.
Although virtually all of the OR and V1R genes are known from genomic analyses, expression data are associated with only a small number of genes. A recent effort has identified ESTs from olfactory tissue for Ͼ400 OR genes (13) , confirming their likely role in olfaction, but has not provided information on relative expression levels of OR genes across different tissues, ages, or spatial regions. High-density oligonucleotide arrays (14, 15) produced by using Affymetrix GeneChip technology are particularly suitable for monitoring the expression of a large number of genes simultaneously and over many conditions. However, the currently available mouse genome arrays from Affymetrix cover only a small number of OR and V1R genes, only Ϸ50 OR and V1R genes have been included, and the design is not optimized.
Therefore, we have designed a custom high-density specialized oligonucleotide array for mouse OR (MOR) and V1R genes. We have used the custom receptor array to address questions concerning ORs not easily investigated by using conventional one-gene-ata-time approaches, including expression in olfactory tissue as well as age, sex, and tissue variations in OR gene expression. Also, the spatial expression of OR genes, an intriguing and little understood phenomenon, has been examined for Ͻ40 MORs.
Methods
Design of the MOR Array. We used the Celera mouse genome to design probe sets (11 pairs of perfect matches and mismatches) for 1,306 putative MORs. As detailed in Supporting Text, Tables 1-3 , and Figs. 5 and 6, which are published as supporting information on the PNAS web site, additional consideration was given to predicted 3Ј UTR regions and to potential cross-hybridization between similar genes. Complete details of the array design are given in the supporting information.
Sample Preparation. All tissues were prepared from 129͞SvJ mice (The Jackson Laboratory) according to protocols described in the Expression Analysis Technical Manual (Affymetrix).
Data Analysis. Monitoring gene expression across different tissues relies crucially on having an effective method to normalize multiple arrays. When comparing different tissues, the common normalization method uses all probe sets. However, because most OR genes were selectively expressed only in OE tissue, normalization using all probe sets would lead to an overestimation of the intensity for non-OE samples. In fact, the differences between OE samples and non-OE samples on the MOR array were so large that even the invariant difference selection (IDS) algorithm, which accounts for differences in two arrays (16), did not provide satisfactory results. Normalization methods based on housekeeping genes or spike-in genes had been suggested for such situations (17) , but they also have drawbacks (16) . Therefore, we devised a method combining a group of stable probe sets and the IDS algorithm. The stable probe sets in the MOR array were chosen based on their low variation between samples when monitored by using the Affymetrix mouse genome U74Av2 arrays. Subsequently, when two MOR arrays were compared, the IDS algorithm was applied only to the stable probe sets to perform the normalization. This normalization method outperformed published procedures in our preliminary experiments, because it gives the best separation of OR and V1R gene expression in olfactory sensory epithelium (OE) and vomeronasal organ (VNO) tissues. All of the normalized data were analyzed by using model-based expression analysis to generate the expression values with the DCHIP software (versions 1.2 and 1.3) (18) . Further details are available in the supporting information.
When comparing two kinds of samples, we used the following criteria to classify a gene as differentially expressed. A gene was considered as clearly enriched if (i) the expression level showed at least 2-fold change; (ii) statistically, the lower bound of fold change at 90% confidence interval (as determined by the DCHIP program; ref. 18) was Ͼ1.5; and (iii) the gene received at least one P call (the present͞absent call from the Affymetrix MAS5.0 program) from the arrays used. A gene was classified as marginally enriched if it did not meet the criteria for clearly enriched but (i) statistically the lower bound of fold change at 90% confidence interval was Ͼ1 and (ii) the gene had at least one P call or had an average expression level of Ͼ300 in one of the sample sets.
K-means clustering was used to analyze the zonal data. The raw data were first processed in DCHIP, and the expression values were exported to GENESPRING 6.0 (Silicon Genetics, Redwood City, CA). Each gene was divided by the median of its measurements in all samples, and the log of the ratio was used for clustering. A list of variable genes (variation across samples: 0.25 Ͻ standard deviation͞mean Ͻ 10.00, and with at least one P call from all of the samples) was obtained from DCHIP, and K-means clustering was performed on this list to obtain three clusters.
In Situ Hybridization. Expression of the OR genes in the epithelium was examined by in situ hybridization (19) . Standard protocols were used throughout, and details are provided in the supporting information.
Results
Optimization and Validation of the Custom MOR Array. A custom high-density oligonucleotide array containing probes for all of the known OR and V1R genes was designed and manufactured in consultation with Affymetrix. The custom array was named ''MOR array.'' One important feature of the MOR array is that probe sets targeting the computationally predicted 3Ј UTRs (20) were included in the design. This is necessary because the oligo(dT) priming process in mRNA labeling requires the probe design to be near the 3Ј end of the transcripts (14) . In addition, the 3Ј UTR offers the additional advantage of higher specificity than the coding regions for large gene families such as the OR genes. In the absence of full-length mRNAs for OR genes, computational prediction was used to estimate the 3Ј poly(A) positions (20) . The custom arrays were produced with the same technology used extensively by Affymetrix in biological and medical applications, and subject to the same quality control. However, because this MOR array is heavily biased in that it contains mostly OR genes, optimization and validation was necessary.
Extensive tests were performed to optimize the experimental conditions and data analysis for the MOR array. Because each neuron expresses only 1 of the Ͼ1,000 OR genes, each gene is expressed on average in only Ϸ0.1% of the neurons, resulting in very low levels of message for any individual OR gene. To increase the signal, we increased the amount of labeled cRNA during hybridization, using Ϸ5 times the recommended amount (70 g vs. 15 g). We found that this increased the number of detected genes (based on Affymetrix MAS 5.0 present calls) by 10-20%, whereas the noise level remained low (passing standard Affymetrix quality controls). For analysis of GeneChip data, there are several options (14) , and we opted to use the DCHIP software (15) because of its robustness in probe level analysis, flexibility in normalization options, user-friendly interface, and integrated high-level analysis tools.
Olfactory signal transduction genes on the MOR array were used as controls. Many of the genes involved in the signal transduction pathway in olfactory sensory neurons are highly expressed in the OE, but not in the VNO or other tissues (21) . As anticipated, these genes [including Golf, adenylyl cyclase III (AC3), and CNGA2 (OCNC1)] have higher expression values in OE than in VNO, testis, or lung (Fig. 1A) . Conversely, Trp-2 is specifically expressed in the VNO, consistent with the notion that it is likely involved in signal transduction in vomeronasal neurons (22) . As another example, the olfactory marker protein gene, known to be expressed largely only in olfactory tissues (23) , was clearly present in both OE and VNO, but was absent in other nonolfactory tissues. Finally, the housekeeping genes ␤-actin and GAPDH were expressed in all tissues that we have tested ( Fig. 1 A) .
Despite expected low levels of OR mRNAs, the array was sufficiently sensitive for us to observe a reliable signal above noise in the appropriate tissue for numerous OR and V1R genes ( Fig. 1B ; note the difference in the scales of the y axis in Fig. 1 A and B) . Overall, these results suggested that our array design, experimental approach, and data analysis were able to reveal real biologically significant differences in gene expression, even for genes with low expression levels.
Differential Expression of Receptor Genes in OE and VNO.
Because the majority of the OR and V1R gene sequences were obtained from the genome, it remains possible that some of them may be OR-or V1R-like genes that actually exert nonolfactory functions in other cells. Evidence for their specific expression in the appropriate sensory organ would confirm these genes as true chemosensory receptors. The expression levels of all of the genes on the MOR array were first compared in OE and VNO samples. Most OR genes (Ϸ70%) have high expression levels in OE samples relative to VNO and other tissues ( Fig. 2A) . Interestingly, the VNO samples seem to have the lowest expression levels of all. One explanation for this finding is that similar mechanisms might control the restricted expression of receptor genes in neurons in OE and VNO; therefore, the expression of V1R genes suppresses the expression of OR genes in the VNO. Similarly, a moderate number (Ϸ40) of V1R genes show high expression in VNO samples relative to other samples (Fig. 2B) . The percentage of V1R genes that show VNO-specific expression is lower than OE-specific OR genes, largely because of the fact the no UTR probe sets were designed for V1R genes, which may lead to false negative results for mRNAs with long 3Ј UTRs.
To assess the number of OR and V1R genes that show olfactory tissue-specific expression, we used a set of stringent statistical criteria to judge whether a gene was clearly enriched in one type of sample, and another set of looser criteria to judge a gene as marginally enriched (see Methods for details on the criteria). A summary of such comparisons between OE and VNO samples is shown in Table 1 , and searchable database of enriched genes is available at http:͞͞firestein.bio.columbia.edu. In addition, to check the robustness of the statistical criteria, samples were randomly shuffled (permuted) 50 times and the false discovery rates (FDRs) were estimated (24) . These results are also shown in Table 1 .
As expected, the results showed that OR genes were enriched in OE, and V1R genes were enriched in VNO. A total of 817 OR genes were classified as enriched in OE with a low FDR (overall FDR 1.7%, including both clearly enriched genes and marginally enriched genes). To our knowledge, this is the first time that expression in OE has been confirmed for such a large number of OR genes. Thirty-one V1R genes were labeled as clearly enriched in VNO with a very low FDR (0%). The classification of marginally enriched in VNO is less reliable, with a high FDR (75%), and additional evidence would be required to identify those 13 V1R genes as VNO-specific. The higher FDR for VNO gene detection is mostly due to the fact that the MOR array is biased toward OE-specific genes (many more OR genes than V1R genes), and is also partially due to the fact that V1R detection is not optimized (no 3Ј UTR probe sets).
To evaluate detection sensitivity, we collected 76 OR genes from the literature known to be expressed in OE and found that 56 of these were selected as enriched in OE from our array results. This finding gives a sensitivity value of 74%. More recently, Ͼ400 OR ESTs were reported (13) , and 378 of these OR genes are also represented on the MOR array, with 310 of them listed as OEspecific from our array data. The estimated sensitivity from this larger data set is 82%. The array specificity was more difficult to estimate because it is not known how many of the 817 OR genes classified as enriched in OE were false positives. The overall FDR for OR genes (1.7%) can be used as an approximation of false positives, therefore setting the specificity at 98%. The real specificity is likely to be lower than this because the permutation method used in FDR computation may miss certain kinds of false positives; for example, the effect of cross-hybridization between OR genes cannot be estimated from permutation of OE and VNO samples.
Because olfaction plays an important role in social and sexual behaviors, we compared OE and VNO tissues from male and female adult animals, and found no apparent difference in either OR or V1R gene expression (Fig. 2) , which suggests that differential receptor expression may not be a mechanism for different olfaction-related behaviors between sexes. However, it remains possible that there might be sexual dimorphism in genes that we cannot reliably detect with the MOR chip, particularly for a large number of V1R genes.
OR Gene Expression in Non-OE Tissues. OR gene expression has been reported in various nonolfactory tissues, principally in the testis (3, 5, 25, 26) , but also in brain, heart, taste, and other tissues (27, 28) . These reports were generally based on isolated genes or gene families, and only a few cases included comparisons of expression level with OE tissue. The MOR array is ideally suited to examine the extent and level of OR gene expression across multiple tissues.
Total RNAs were extracted from mouse testis, liver, heart, cerebellum, and muscle samples and processed for hybridization with MOR arrays. To minimize false positives, we used the set of stringent criteria to identify genes that were enriched in each of the samples. The VNO was used as the background because it has the lowest level of OR gene expression. Compared to the VNO, we find 30-100 OR genes enriched in each of the various tissues tested (Table 2 and at http:͞͞firestein.bio.columbia.edu). To determine whether any of these ORs are expressed at a higher level than that observed in the OE, the background was set to OE levels and enriched genes were identified. Very few genes were classified as enriched in non-OE tissue in comparison with the OE (Table 2 and database at http:͞͞firestein.bio.columbia.edu). There remains the possibility that some level of crossreactivity with non-OR genes is responsible for false positives in other tissues. We consider that possibility unlikely, because only probe sets with sufficient specificity were included in the array. Furthermore, any crossreactivity for the probe set of any one OR gene is most likely to arise from other OR genes. These data suggest that, although there might be a small number of OR genes expressed in other tissues, very few are expressed exclusively in non-OE tissues. However, it should be noted that we cannot rule out the possibility that some OR genes are indeed highly expressed in a very small number of cells in the non-OE samples. Detailed study at a better resolution is required to address such questions.
Temporal Pattern of OR Gene Expression. The developmental course of OR gene expression remains largely undocumented (29, 30) . Mouse OE tissues were collected from animals at various ages and the levels of OR expression were compared ( Fig. 3 and numeric values and database at http:͞͞firestein.bio.columbia.edu). At embryonic day 13 (E13), OR gene expression in OE did not appear different from non-OE samples. There has been observation of OR gene expression reported as early as E12 (30); however, the number of OR-positive cells at that time is very low, presumably making it difficult to detect these by microarray. Between E15 and E16, a time when OR gene expression is thought to begin in relatively large numbers of cells (30), there is a jump from background to a low level of OR expression. After this initial period, OR gene expression remains at a relatively low level until birth, after which it increases steadily. A large number of OR genes appear to be detected only after birth. In Ͻ2 weeks postnatal time, the number of detected OR genes reached a peak and remained high until the animals were Ϸ2 months old (Fig. 3) . After 2 months, we see a slow trend toward a declining diversity of OR expression. It should be noted that the detection threshold for each OR gene might be different, depending on the probe design, level of expression level in the cell, and how many cells are expressing it.
Even during the period from 2 weeks to 2 months of age, when the total number of OR genes expressed is nearly constant, each time point is characterized by distinct gene expression patterns. These patterns did not appear to be caused by random variation between animals, because duplicates of the same time point usually shared similar gene expression profiles (data not shown).
OR Genes Expressed in Different Zones also Segregate in the Genome.
One of the earliest findings regarding OR genes was their expression in one of four parallel zones that run rostral to caudal across the turbinates within the OE. However, this spatial expression pattern has been determined for fewer than 40 OR genes by in situ investigation (30) (31) (32) (33) (34) (35) . This approach is far too labor intensive (and costly) to perform for each of the Ͼ1,000 genes, but the MOR array provides an effective tool for investigating this zonal pattern globally.
To obtain OE tissues with defined zones from wild-type animals, we first microdissected olfactory epithelium in the dorsal recess above the turbinates, a region that includes only zone 1; the ventral portions of the turbinates were then dissected such that only zone 4 and parts of zones 3 and 2 were included (the dissection is shown schematically in Fig. 4 ). This dissection method left out the dorsal portion of the turbinate to ensure a clean separation of zone 1 and the other zones. Five replicates, each from the dissection of 10 or more adult mice, were made for dorsal (zone 1) and ventral (zones 2-4) tissues and tested on the MOR array.
Examination of the 10 zonal samples by hierarchical clustering showed that OR genes can be roughly separated into three categories: those enriched in dorsal (zone 1) samples, those enriched in ventral (zones 2-4) samples, and those without apparent enrichment in either (Fig. 5) . This observation prompted us to use an unsupervised clustering method, K-means clustering, to separate OR genes into groups with a high degree of similarity within each group and a low degree of similarity between groups (36). A total of 680 OR genes with reliable detection and differential expression across samples were separated into three groups by K-means clustering. The expression profiles of the three groups confirmed that group 1 (308 OR genes) is dorsal (zone 1)-specific, group 2 (312 OR genes) is ventral (zones 2-4)-specific, and group 3 (60 genes) contains genes without clear differences. Therefore, our array experiment and data analysis determined the dorsal͞ventral expression for a total of 620 OR genes (see http:͞͞firestein.bio. columbia.edu).
To validate the zonal results from the array experiments, we collected 31 OR genes represented on the array whose zonal distribution had been previously studied (30) (31) (32) (33) (34) (35) . We were able to classify zones for 17 of these, and all but one were consistent with previous results. With our dissection method, zone 1 genes are well covered (10 of 13), as are zone 4 genes (five of six); but OR genes in the middle zones (zones 2 and 3 and ''Patch'') receive relatively low coverage (1 of 12 and one misclassification).
To further confirm the MOR chip data independently, we examined the zonal distribution of 17 OR genes by using in situ hybridization (Fig. 5 and Table 3 ). We were able to determine the zones (dorsal͞zone 1 vs. ventral͞zones 2-4) for 14 of these genes based on microarray data, and the in situ data confirmed all of them. For the remaining three genes whose zones cannot be determined from the array data, in situ hybridization showed that one is expressed in zone 1 and the other two are expressed in zone 4 (Table  3) . Overall, although there are some genes whose zonal expression cannot be determined by array data, presumably reflecting false negatives, we did not observe any false positives from the 17 genes tested. These validation experiments suggest that the microarray data and subsequent analysis generated reliable results.
Notably, OR genes that are segregated into different zones often appear segregated on the chromosomes. If the OR genes are coded by color for their zonal expression (zone 1 in blue and zones 2-4 in red) and then plotted according to genomic location, zone 1-specific genes form blue patches on the chromosomes that are separate from the red patches formed by genes specific to zones 2-4 (Fig. 4) .
In cluster 7-3, which contains only the phylogenetically separate cluster of class I ORs (37), 82 of the 85 classified genes were zone 1-specific. The three outliers may be within the normal error rate of array experiments. This result strongly suggests that all class I OR genes are expressed solely in the most dorsal regions (zone 1) of the OE, consistent with in situ data from a small number of mouse and rat class I OR genes that all showed specific expression in zone 1 (38) . Patches of OR genes from the same zone are observed for other OR gene clusters, albeit to a lesser extent than cluster 7-3. Some clusters are dominated by either zone 1 (e.g., cluster 9-2) or zones 2-4 (cluster 7-5, cluster 16-2, cluster 17-1) OR genes, others can be separated into zone-specific subclusters (e.g., cluster 2-2, cluster 7-4). It should be noted that the clusters we observed are unlikely to be artifacts of cross-hybridization among similar genes, which are known to locate near each other (6, 8, 9, 11, 12, 37) . One line of evidence arguing against that possibility is our use of probes targeting 3Ј UTRs, which are generally dissimilar between ORs with similar coding regions.
Interestingly, zone 1 appears to contain more than one-third of all of the OR genes that are expressed in OE. Of the 620 OR genes for which zonal expression was determined, 308 (50%) of these are classified as zone 1 genes. Because these genes cover 77% (10 of 13) of all known mouse zone 1 genes, the total zone 1 genes can be estimated as 400 (317, 77%), more than one-third of all Ϸ1,100 MOR genes. This was somewhat surprising, as it has been commonly thought that each zone expressed about one-quarter of the OR repertoire. Together with the zone 1-specific expression of class I OR genes, these data suggest that the separation between zone 1 (dorsal) and other zones (ventral) might be especially significant.
Discussion
To meet the daunting numerical challenges of understanding the very large OR gene family, we have made use of a custom-designed high-density oligonucleotide array for MOR genes. Our main findings were that the custom array reliably detects a large number of OR transcripts, that most OR genes are preferentially expressed in the olfactory epithelium, that OR genes undergo developmental regulation, that spatial expression patterns in the OE are reflected in chromosomal organization, and that OR genes distribute unequally between zones.
Designing Arrays from Genomic Data. One important issue that often receives insufficient attention is the 3Ј UTR of the gene. Most gene-finding projects focus on the coding regions. However, when designing an array, the 3Ј UTRs become important because probe sets in the coding region are ineffective if the 3Ј UTR is too long. For the MOR genes, we used computationally predicted 3Ј UTR sequences to design UTR probe sets for genes with long 3Ј UTRs (Ͼ1,000 bp), significantly increasing the detection of OR genes. For 434 OR genes with long 3Ј UTRs, coding region probe sets alone resulted in only 47% present calls. However, when UTR probe sets were included, 74% of these OR genes obtained present calls. Because of limited space on the array, no UTR probe sets were designed for genes with short 3Ј UTRs, and the P call ratio for these genes was actually lower, only 58% (431 of 739). Similarly, no UTR probe sets were designed for V1Rs in the MOR array, and only 49% received present calls in VNO tissue. One caveat is that the current computational prediction method for 3Ј UTR is not perfect (20) , and may lead to false negatives. Better prediction algorithms and using probe sets covering multiple predicted 3Ј poly(A) sites for each gene may increase microarray detection sensitivity.
Genes with Negative Calls. There were a number of OR genes with absent calls in the OE sample. Similarly, when comparing OE with VNO, or zone 1 with zones 2-4, there were also a number of genes that we could not classify as enriched in either of the two samples. Were these genes with negative calls (not present or no change) real negatives, and what biological information can we obtain from these genes?
We believe that a large number of the absent calls for OR genes are false negatives. No UTR probe sets were designed for 739 of the OR genes, and we might have expected to obtain a P call rate similar to or higher than that obtained for those OR genes currently with UTR probe sets on the MOR array. That would constitute at least a 16% increase, or 118 additional OR genes that would receive present calls. Additionally, because of the low expression of OR genes in the OE samples, many genes that were actually expressed may have been labeled as absent because of weak signals on the array.
Insights from the Zonal Expression of OR Genes. Here we examined the expression of OR genes in zone 1 (dorsal) versus other zones (ventral). Although in situ data indicate at least four zones running laterally across the OE, our results indicate that a more fundamental division might be between the most dorsal zone 1 and the rest of the OE. There are several lines of evidence that support this distinction. First, there is a different molecular environment in zone 1 than the other zones. Olfactory cell adhesion molecule is expressed in all olfactory sensory neurons except those in zone 1 (39, 40) , as are a few transcription factors (41) , and certain carbohydrate epitopes are present only in zone 1 (42) . Second, based on our results, zone 1 expresses Ϸ40% of all OR genes, making it the largest zone. Third, the array results suggest that all class I OR genes are expressed in zone 1, suggesting a functional difference between zone 1 and the other zones. Based on limited functional data, we had proposed that class I ORs might recognize different types of ligands from class II ORs (8) . It remains to be tested whether those class II ORs in zone 1 recognize chemically different ligands from class II ORs in other zones.
Class I ORs are related to the family of ORs in fish, where there is no clear zonal expression pattern; i.e., fish have only ''zone 1'' (43) . In frog, class I and II ORs are expressed in separate compartments in the nasal cavity. The class I OR region is accessible in the water, whereas class II OR regions are accessible in the air (44) . In terrestrial species, there are no separate compartments for OR expression, but the separation between zone 1, containing all of the class I ORs, and other zones is reminiscent of the two compartments in amphibians.
Previously, no developmental or functional attributes have been associated with the zonal expression of OR genes. Our observation that genes expressed in different zones also segregate in the genome suggests a possible relation to the regulation of OR gene expression. Our current results provide a foundation for future investigations involving promoter analysis to distinguish the two possibilities and gain insight into the mechanism of zonal expression. Overall, the OR custom microarray provides a powerful tool for assessing global regulation and function of this unusually large gene family.
